The authors reviewed 38 cases of suprasellar meningioma to determine the correlation between tumor site and postoperative visual outcome. Progressive visual loss, the most frequent initial complaint (94.7 % ), occurred over a mean of 24 89 months, was most often unilateral (18 patients) or bilateral but asymmetrical (14 patients), and was severe (20/200 vision or worse) in 23 patients; 24 patients had visual field abnormalities. Computerized tomography or magnetic resonance studies clearly delineated the lesions but did not appear to permit earlier diagnosis. Eleven patients had tumors limited to the tuberculum sellae; the tumor extended from the tuberculum sellae onto the planum sphenoidale in nine patients, into one optic canal in eight, onto the diaphragma sellae in seven, and onto the medial sphenoid wing in three. Patients with tumors affecting the optic canal had severe unilateral visual loss more often than those with tumors at other sites. Tumors limited to the tuberculum sellae were most often completely resected; postoperative recovery of vision was also most frequent in patients with tumors at this site. Tumors involving the diaphragma sellae or the medial sphenoid wing were least often completely removed and most likely to be associated with postoperative visual deterioration. Overall, 42% of patients had improved vision postoperatively, 30% remained unchanged, and 28% were worse. After a mean follow-up period of 38 months, 24 patients are doing well, four have significant visual disability, and three are blind or doing poorly. Two patients died of causes unrelated to their tumor. Three patients have had tumor recurrence.
M
ENINGIOMAS of the suprasellar region involving the tuberculum sellae, anterior clinoid processes, diaphragma seUae, and planum sphenoidale are rare tumors that have proved difficult to treat, partly because of their intimate association with the optic nerves and chiasm, hypothalamus, and internal carotid arteries. These tumors cause insidious visual loss and bitemporal hemianopsia, and often remain undiagnosed until they have enlarged substantially. Although the postoperative visual outcome has been reported in many series, 3'4'7"12A3'16 the effect of tumor location within the suprasellar region has been evaluated in only one, 7 which showed little correlation between the tumor site and preoperative visual loss or prognosis for recovery postoperatively. In this report, 38 cases of suprasellar meningioma were reviewed to correlate specific tumor sites with presenting visual signs and symptoms and postoperative visual outcome.
Clinical Material and Methods

Patient Population
Between 1968 and 1987, 38 patients with meningiomas of the suprasellar region were treated surgically by one of us (C.B.W.) at the University of California, San Francisco; only five cases were evaluated before 1975, when computerized tomography (CT) became available. The patients were evaluated by a neuroophthalmologist before and after the operation. All of the tumors were located primarily on the tuberculum sellae; some extended onto the planum sphenoidale, diaphragma sellae, or medial sphenoid wing, or into the optic foramina.
There were 10 men (26%) and 28 women (74%) with a mean age of 56 years (range 21 to 84 years); 20 patients (53%) were 40 to 65 years old. The presenting symptoms are summarized in Table 1 . Thirty-six pa-tients (94.7%) had progressive visual loss, usually asymmetrical, that progressed over a mean of 24 89 months before diagnosis (range 2 weeks to 108 months). In two patients, vision deteriorated during pregnancy and improved after delivery; in one of these, a bitemporal hemianopsia disappeared almost completely for 15 months until she undertook a second pregnancy, when her vision deteriorated again. Two patients, one with headaches and one with symptoms of panhypopituitarism, had no visual symptoms before diagnosis.
The loss of visual acuity was severe (20/200 or worse) in 13 of the 18 patients with unilateral symptoms. Eleven of these patients developed a Marcus-Gunn pupillary response, and all 13 had optic nerve pallor in the affected eye; two had a Foster-Kennedy syndrome (ipsilateral optic nerve pallor and contralateral papilledema). Unilateral visual field abnormalities were detected in nine patients, and bilateral abnormalities in five. Among the 18 patients with bilateral visual symptoms, loss of visual acuity was severe bilaterally in six and unilaterally in four. In five patients, visual acuity was relatively preserved but there were bilateral visual field abnormalities, usually a bitemporal hemianopsia. Ten patients had a bitemporal field defect, 11 had bilateral optic nerve pallor, and two had a decreased corneal reflex in the eye with the more severe loss of visual acuity. One patient had dementia, frontal ataxia, and a left hemiparesis.
Diagnosis
Until 1977, polytomography and pneumoencephalography were used to identify and characterize suprasellar lesions. Since then, CT has been the preferred method of diagnosis and was used to characterize the tumors in 33 of these 38 patients (Fig. 1) . Suprasellar meningiomas were typically iso-or hyperintense with brain before the infusion of contrast medium and showed bright homogeneous enhancement afterward. Bone window settings occasionally showed sclerosis or blistering of the underlying tuberculum sellae. Coronal and sagittal reformations and direct coronal CT were helpful in delineating the relationship of the tumor to the suprasellar region and chiasm. In no case did CT fail to demonstrate the tumor. Magnetic resonance (MR) imaging, used in addition to CT in five patients since 1985, demonstrated the relationship of the tumor to surrounding neural and vascular structures (Fig. 2) .
Operative Management
All patients were pretreated with dexamethasone (4 mg every hour) and phenytoin (300 mg every 24 hours) and underwent a unilateral subfrontal osteoplastic craniotomy under general endotracheal anesthesia. The craniotomy was made on the right side unless the greater tumor bulk or visual loss was on the left. The ipsilateral olfactory tract was cut, and the frontal horn of the lateral ventricle on the same side was cannulated for drainage of cerebrospinal fluid to allow adequate brain relaxation. Microsurgical technique and bipolar cautery were used initially to dissect the tumor from its dural base and interrupt its blood supply; thereafter, tumor was removed piecemeal from the region of the optic nerves, chiasm, internal carotid arteries, and hypothalamus. Larger tumors were first debulked centrally with monopolar or bipolar cautery. In all cases of complete tumor removal, the dural base of the tumor was either removed or cauterized by bipolar cautery or with a carbon dioxide laser. The resection was left incomplete if the tumor was so adherent to adjacent structures that neural or vascular injury was probable should further removal be attempted. In several elderly patients, complete removal was not attempted once adequate decompression of the optic nerves was assured and the bulk of the tumor had been removed.
Postoperative Radiation Therapy
Thirteen patients (35%) received external beam radiation therapy after incomplete tumor removal. Because of their age, two elderly patients with residual tumor were not treated with irradiation.
Follow-Up Evaluation
The early postoperative visual outcome was evaluated in most cases by the neuro-ophthalmology service. The patients were followed subsequently as outpatients by either of the authors. Late follow-up information was obtained from the patient or the local physician by telephone or by letter. Whenever possible, the results of follow-up examinations of visual fields were obtained from the patient's ophthalmologist.
Statistical M e t h o d s
Comparisons between groups were made with chisquare, Mantel-Haenszel, and Kruskal-Wallis tests. Pairwise comparisons of postoperative visual recovery were made with the Mann-Whitney U and Wilcoxon rank sum tests.
Results
T u m o r Location
Tumor location as determined by neuroradiographic studies and operative inspection is summarized in Table  2 and Fig. 3 . Eleven patients had tumors confined to the tuberculum sellae; t u m o r extended from the tuberculum sellae onto the planum sphenoidale in nine patients, onto one optic foramen (Fig. 1) in eight, and onto the diphragma sellae in seven; in one patient from each of the latter two groups, the tumor also grew onto the planum sphenoidale. In three patients, the tumor extended onto the medial sphenoid wing on one side.
The tumor site had little influence on the severity or bilaterality of visual loss (Table 2 ) unless the tumor extended into one optic foramen; such tumors were more often associated with severe unilateral visual loss than were tumors in other locations. Tumors ranged in size from less than 1 c m to approximately 12 cm in diameter (mean 4.4 + 2.56 cm).
Surgical O u t c o m e
The tumors were resected completely in 22 patients (58%). The extent of resection was most influenced by the location of the t u m o r ( Table 2) . Tumors restricted to the tuberculum sellae or extending onto the planum sphenoidale were most often removed totally; complete resection was less frequent when the t u m o r involved the optic foramen and least frequent when the diaphragma sellae or medial sphenoid wing was affected. T u m o r size did not appear to influence the completeness of resection; three o f the four tumors larger than 8 cm in diameter were completely resected.
Twelve patients (31.6%) had perioperative complications. Three patients had transient confusion and three had a transient hemiparesis, which in two cases was probably due to frontal lobe retraction and in one to a perioperative stroke. One patient each had diabetes insipidus, anosmia, a postoperative seizure, transient hydrocephalus, respiratory failure, and deep vein thrombosis. One patient died from pulmonary embolism during the early postoperative period, resulting in a mortality rate o f 2.6%.
Visual O u t c o m e
The postoperative visual outcome is summarized in Table 3 . Overall, 15 patients (42%) had improved visual acuity, 11 (30%) were unchanged, and 10 (28%) were worse. Eight (73%) o f the 11 patients with tumors limited to the tuberculum sellae showed improvement in both visual acuity and visual fields; the improvement in visual acuity was significantly greater than in patients with tumors involving the planum sphenoidale (p < The severity of preoperative visual loss influenced postoperative visual recovery only in cases in which visual acuity was limited to light perception ( Table 4) . One of five patients in this group had nearly normal acuity and intact fields after the operation, while three (60%) lost their sight altogether in the affected eye. Severe preoperative visual loss did not, however, preclude good recovery. None of the patients with normal acuity and abnormal visual fields preoperatively was worse postoperatively; two of five such patients had improvement in visual field abnormalities, and three remained stable.
The duration of preoperative visual symptoms had some effect on postoperative visual recovery (Table 5) . Patients who had symptoms for less than 6 months tended to have normal visual acuity and fields postoperatively, whereas those with symptoms longer than 24 months more frequently had postoperative visual deterioration. T u m o r size had relatively little effect on recovery of vision (Table 6 ), although postoperative deterioration o f sight tended to be more c o m m o n in patients whose tumors were more than 6 cm in diameter.
Late Follow-up Findings
Thirty-three of the 37 patients who survived the early postoperative period have been followed for a mean of 38 months postoperatively (range 2 to 144 months). At the latest evaluation, 20 patients (62.5%) had normal or nearly normal vision without evidence of tumor recurrence, and four had only a mild visual disability; four patients had significant visual disability, and three are in poor condition (blindness in two and progressive abulic dementia due to radiation necrosis in one). Two patients had died of unrelated causes.
Three patients had t u m o r recurrence at 48, 108, and 120 months, despite cranial irradiation in two. In two cases, recurrent visual deterioration led to detection of the recurrent tumor; in one, the recurrence was detected Suprasellar meningiomas and visual outcome 
* One patient who died soon after operation was excluded.
by follow-up CT studies. Two of the patients underwent reoperation and improved, and one refused further treatment.
Discussion
In 1929, Cushing and Eisenhardt 2 described a "chiasmal syndrome" consisting of progressive asymmetrical bitemporal hemianopsia associated with optic nerve atrophy in patients with meningiomas in the region of the tuberculum sellae. Grant and Hedges 6 considered the visual symptoms caused by these tumors --loss of acuity progressing to blindness in one eye, followed by decreasing acuity in the temporal field of the other eye --to be "monotonously uniform." These hallmark clinical features have been confirmed in this and other reports. 2-4,7,8A0 '12-15 Although headache is present in up to 45% of patients with suprasellar meningiomas, 4' 7' 15"16 it was uncommon in our series, and no patient had pain in the symptomatic eye. 3'4'14 '16 Rare symptoms included endocrine dysfunction, changes in mental status, polyuria due to diabetes insipidus, amenorrhea, anosmia, and hemiparesis. 3'4'8"14 -16 The insidious progression of symptoms often delays the diagnosis until the loss of vision is severe and tumor growth substantial. In 1979, Kadis, et al., 8 recommended CT studies for all patients with unexplained visual loss in an effort to improve the early diagnosis of these tumors. Despite the use of CT and later MR imaging, visual symptoms in our patients were present for an average of more than 2 years before diagnosis. Two patients had a fluctuating or rapidly progressing visual loss, as described in other series. 4'7's '16 In both cases, vision decreased during pregnancy and improved after delivery. The progression of symptoms during pregnancy 3"4"16 may reflect an effect of estrogen and progesterone on tumor growth.~ Coronal and sagittal re-formation of the contrastenhanced CT 1'5'8'9A2 and, more recently, MR imaging have proved to be the most useful diagnostic techniques. Computerized tomography allows an unsurpassed evaluation of bone detail, including hyperostosis, blistering of the tuberculum and planum sellae, and erosion of the dorsum sellae, which may be useful in differentiating suprasellar meningiomas from other tumors of this region, such as craniopharyngiomas 5 or pituitary adenomas. ~ Sagittal and coronal MR imaging demonstrated the relationship of the tumor to the optic chiasm, hypothalamic region, and internal carotid arteries.
The location of suprasellar meningiomas influenced the nature of the preoperative visual loss. Tumors in- * Two patients are excluded because the size of the tumor was not available.
volving the optic foramen or medial sphenoid wing most often caused severe unilateral visual loss, probably from compression of the optic nerve in the optic canal, while tumors restricted to the tuberculum sellae and the diaphragma sellae typically caused bilateral visual loss, most likely through chiasmal compression. Tumor location also had a major influence on the extent of tumor resection and appeared to be the most important determinant of postoperative visual recovery in our patients. Tumors extending onto the diaphragma sellae or the medial sphenoid wing were least often removed totally. The limiting factors, as in previous series, 4"8'12'15"16 were adherence to the pituitary stalk or internal carotid arteries and invasion of the cavernous sinus, orbit, and sella turcica. In contrast to two previous reports, 8''6 tumor size did not influence the extent of resection. Patients with tumors limited to the tuberculum sellae had the best chance for improvement of vision. No patient whose tumor involved the diaphragma sellae or the medial sphenoid wing had recovery of visual acuity or visual fields, possibly as a result of injury to the superior and inferior chiasmatic plexuses during tumor removal. Preservation of these structures is critical for the postoperative recovery of vision. j6 Patients with tumors extending into one optic canal also showed less frequent improvement in acuity or visual fields, probably because of compression or invasion of the nerve within the canal or damage to the nerve or its blood supply during tumor removal. Ojemann j2 reported that the recovery of visual fields was most likely when the tumor was confined to the tuberculum sellae. Ehlers and Malmros 3 noted that only one (25%) of four patients with tumors involving the optic canal had visual recovery.
Larger tumors appeared to be associated more frequently with postoperative visual deterioration. 3' 4,~3 Long-standing preoperative visual loss also had a negative effect but did not preclude postoperative recovery of vision. 3'7A3 The severity of the postoperative visual loss influenced postoperative recovery in our patients only if vision in the affected eye was limited to light perception. Severe preoperative visual loss has been reported to worsen the visual outcome and lead more frequently to deterioration of vision postoperatively, 7,~3 although excellent recovery is possible. 3'4"7 '13 Perioperative complications, usually minor and transient, are common after resection of suprasellar meningiomas. 4'~6 Symon and Rosenstein j6 reported that 68 % of their patients had postoperative complications. This may have been related to the deep and prolonged frontal lobe retraction often required for this type of operation. The electrolyte imbalance that often occurs may be caused by surgical manipulation in the region of the hypothalamus and pituitary stalk. The mortality rate, however, was only 2.6% in our series, which is lower than in many other reports. 3'4"7 '16 In contrast to older surgical series, 3'4 tumor size did not influence the mortality rate in our patients. This may reflect advances in neuroanesthesia and microsurgery.
